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Editorial

Malaria in the Korean Peninsula: Risk Factors, Latent Infections, and the Possible
Role of Tafenoquine, a New Antimalarial Weapon

Mark M. Fukuda, MD (COL, USA); Mariusz Wojnarski, MD (MAJ, USA); Nicholas Martin, PhD (LCDR, USN); Victor Zottig, PhD (MAJ, USA);

Norman C. Waters, PhD (COL, USA)

For decades, malaria infections
acquired in Korea have posed a significant
threat to both Korean military and civil-
ians and to U.S. Department of Defense
(DoD) personnel. In Korea, malaria infec-
tions are caused exclusively by the species
Plasmodium vivax (PV). Despite the use
of chloroquine chemoprophylaxis during
the Korean War (1950-1953), thousands
of cases of PV malaria were diagnosed in
Korea among U.S. military personnel.! As
troops returned home, however, many
more cases were diagnosed stateside, inun-
dating military hospitals and leading to
research on the use of primaquine to treat
what were termed “late attacks of Plasmo-
dium vivax of Korean origin”?

Since the Korean War, the Republic of
Korea (ROK) has made significant strides
in controlling the disease, chiefly through
an aggressive eradication program in the
1970s. So successful was the program that
the World Health Organization declared
the ROK malaria free in 1979.> However, in
1993, ROK experienced a PV malaria resur-
gence that reached a peak of 1,600 cases in
1997 before gradually tapering, with ROK
experiencing only 601 cases in 2016.

In this issue of the MSMR, Klein et
al. report a cluster of 11 U.S. soldiers with
PV.® The cases were likely acquired at Dag-
mar North training area located near the
southern border of the demilitarized zone
(DMZ). As was true during the Korean
War, more cases (n=9, 82%) in the cluster
were diagnosed long after redeployment to
the U.S., an estimated 8-11 months after
presumed exposure to the mosquitoes that
transmitted the infections. Due to recent
historically low numbers of PV malaria
cases among DoD personnel in the ROK,
and no mortality due to PV, chemoprophy-
laxis is not routinely administered to ser-
vice members in the ROK, except among
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Marine Corps personnel when training
near the DMZ (Surgeon Office, U.S. Marine
Corps Forces, Pacific; personal communi-
cation 25 October 2018).

The most relevant contemporary
report of malaria risk in the ROK was pub-
lished in 2016.” In this study, mosquitoes
were collected at ROK installations near
the DMZ, speciated, assessed for PV infec-
tion, and correlated with human PV cases.
The report concluded the following: 1) that
the mosquito species Anopheles kleini was
likely the main culprit vector responsible
for PV transmission in the ROK; 2) popu-
lation densities of PV-infected mosquitoes
were highest in ROK installations closer to
the DMZ; and 3) PV mosquito infection
rates correlated highly with the number of
PV cases in ROK Army soldiers.

From a chemoprophylaxis perspective,
it is instructive to consider the peculiar
biology of Korean PV malaria. Korean PV
strains are classified as “temperate zone”
and are unique in that as many as 40-50%
of infected individuals may not manifest
the symptoms of their primary illness until
6-11 months after infection.*® The Fig-
ure shows that the time between primary
infection and clinical illness among differ-
ent PV strains ranges between 8 days and
8-13 months.® Temperate zone PV biol-
ogy reflects a possible evolutionary adap-
tation that enables these strains to remain
latent as hypnozoites (i.e., “sleeping” par-
asites) through the cool or cold months
that are inhospitable to mosquito vectors
in temperate climates.® As in the post-
Korean War period, late attacks of Plasmo-
dium vivax of Korean origin continue to be
observed. A 2007 review of malaria out-
breaks in U.S. military personnel described
74 ROK-acquired PV malaria cases and
estimated that 45% were diagnosed more
than 240 days after the mid-points of their

last ROK exposure period.” Because U.S.
military personnel rotate frequently in
and out of the ROK, PV biology virtually
ensures that a significant number of DoD
personnel with ROK-acquired infections
will not become symptomatic until their
next duty station—whether in the U.S. or
at another location outside of the contigu-
ous U.S.

PV latency and entomological studies
indicate that the following should be con-
sidered in anticipation of further exposure
of DoD personnel in Korea. First, scientific
reports unquestionably point to proxim-
ity to the DMZ as the highest PV risk fac-
tor, while few cases are diagnosed south of
Seoul.® It is impossible to determine how
much of this risk is due to a specific ecology
within the DMZ or to the presence of a high
PV case burden in the nearby Democratic
People’s Republic of Korea. Thus, contin-
ued emphasis on surveillance of Anopheles
spp. is warranted to identify the geographi-
cal and seasonal impact on malaria trans-
mission in the ROK. Secondly, command
emphasis on personal protective measures
such as use of insecticide treated uniforms
and impregnated bednets and on educa-
tion about malaria risk and prevention is
highly warranted. Lastly, because latent
cases likely constitute the majority of cases
acquired in the ROK, chemoprophylaxis
practice should take into account both
recent data on acute infections diagnosed
shortly after exposure as well as latent infec-
tions presenting months thereafter. In this
regard, analysis and dissemination of cen-
tralized DoD malaria data, such as in the
annual MSMR issue,' are critically impor-
tant to inform DoD Force Health Protec-
tion malaria practice.

The possibility of latent PV infec-
tion and frequent deployment tempo
warrant consideration of the role of
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FIGURE. Time between primary infection and clinical illness among diferent P, vivax strains®
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chemoprophylaxis,  particularly  with
respect to “terminal prophylaxis”—a term
referring to the pre-emptive treatment of
hypnozoites to prevent latent or relaps-
ing malaria. A major challenge for termi-
nal prophylaxis is compliance with up to 14
days of daily dosing with primaquine, until
recently the only drug capable of killing
hypnozites. For example, a survey of U.S.
Army Rangers returning from Afghanistan
found that self-reported compliance rates
were 52% for weekly chemoprophylaxis,
41% for terminal (post-deployment) che-
moprophylaxis, and 31% for both weekly
and terminal chemoprophylaxis.

In August 2018, tafenoquine, an
oral long-acting primaquine analogue
was approved by the U.S. Food and Drug
Administration for prophylaxis against all
malaria species for up to 6 months’ duration.
Tafenoquine, (Arakoda™), was originally
discovered by scientists at the Walter Reed
Army Institute of Research (WRAIR) and
further developed for a prophylaxis indi-
cation at the U.S. Army Medical Materiel
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Development Activity. Critically, tafeno-
quine/Arakoda™ confers a major advantage
over primaquine because of its requirement
for only weekly "maintenance” dosing dur-
ing exposure in malaria endemic areas in
contrast to the daily dosing requirment for
doxycycline or Malarone®. Significantly,
tafenoquine also includes an indication for
terminal prophylaxis consisting of a single
dose given 7 days after the last maintenance
dose upon leaving the malaria endemic
area.'? These dosing options provide com-
manders with the option to more feasibly
monitor dosing by directly observed ther-
apy. The implications of the “real world”
effectiveness brought by this soldier/com-
mander-friendly dosing option, whether
employed to prevent latent P. vivax cases—
or infections with other species—are a wel-
come advance in the fight against malaria.

Author a liations: Department of Bacte-
rial and Parasitic Disease, U.S. Army Direc-
torate, Armed Forces Research Institute of
Medical Science, Bangkok, ailand (COL

Fukuda, MAJ Wojnarski, COL Waters);
Naval Medical Research Unit Two, Singa-
pore (LCDR Martin); U.S. Army Medical
Materiel Development Activity, Fort Detrick,
MD, (MAJ Zottig).

Disclaimer: Material has been reviewed by
the Walter Reed Army Institute of Research
and there is no objection to its publication.

e opinions or assertions contained herein
are the views of the authors and do not nec-
essarily re ect the o cial policy or position
of the Army, the Department of Defense, or
the U.S. Government.

REFERENCES

1. Long AP. General Aspects of Preventive Medi-
cine in the Far East Command. Recent Advances
in Medicine and Surgery Based on Professional
Medical Experiences in Japan and Korea. Vol II.
Washington, D.C.: U.S. Army Medical Service
Graduate School; 1954:248-269.

2. Jones R Jr, Jackson LS, Di Lorenzo A, et al.
Korean vivax malaria. lll. Curative efect and toxic-
ity of primaquine in doses from 10 to 30 mg. daily.
Am J Trop Med Hyg.1953;2(6):977-982.

3. World Health Organization. Synopsis of the
World Malaria Situation, 1979. Wkly Epidem Rec.
1981;56(19):145-152.

4. Feighner BH, Pak SI, Novakoski WL, Kelsey
LL, Strickman D. Reemergence of Plasmodium
vivax malaria in the Republic of Korea. Emerg In-
fect Dis. 1998;4(2):295-297.

5. Global Malaria Programme. World Malaria Re-
port 2017. Geneva: World Health Organization.

6. Klein TA, Seyoum B, Forshey BM, et al. Cluster
of vivax malaria in U.S. Soldiers training near the
demilitarized zone, Republic of Korea during 2015.
MSMR. 2018;25(11):4-9.

7. Chang KS, Yoo DH, Ju YR, et al. Distribution
of malaria vectors and incidence of vivax malaria
at Korean army installations near the demilitarized
zone, Republic of Korea. Malar J. 2016;15(1)259.
8. White, NJ. Determinants of relapse periodic-
ity in Plasmodium vivax malaria. Malar J. 2011
(10):297.

9. Ciminera P, Brundage J. Malaria in U.S. mili-
tary forces: a description of deployment exposures
from 2003 through 2005. Am J Trop Med Hyg.
2007;76(2):275-279.

10. Armed Forces Health Surveillance Branch. Up-
date: Malaria, U.S. Armed Forces, 2017. MSMR.
2018;25(2):2-7.

11. Kotwal RS, Wenzel RB, Sterling RA, Porter
WD, Jordan NN, Petruccelli BP. An outbreak of ma-
laria in US Army Rangers returning from Afghani-
stan. JAMA. 2005;293(2):212-216. Erratum in:
JAMA. 2005;293(6):678.

12. Arakoda [package insert]. Washington, D.C.:
60° Pharmaceuticals; 2018. https://www.accessda-

ta.fda.gov/drugsatfda_docs/label/2018/210607Ibl.
pdf. Accessed on 29 October 2018.

Page 3


https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/210607lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/210607lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/210607lbl.pdf

Cluster of Vivax Malaria in U.S. Soldiers Training Near the Demilitarized Zone,
Republic of Korea During 2015
Terry A. Klein, PhD (COL[Ret], MSC, USA); Beza Seyoum, PhD, MS; Brett M. Forshey, PhD, MS; Kathryn K. Ellis, MD, MPH (COL, MC,

USA); Hengmo McCall, MHR (COL, AN, USA); Kyndra Jackson, DNP, MPH, RN-BC (LTC, AN, USA); Cynthia Tucker, PhD (MAJ, MSC,
USA); Suk-Hui Yi, MPH; Myung-Soon Kim, MS; Heung-Chul Kim, PhD

CE/CME This article provides continuing education (CE) and continuing medical education (CME) credit.

Please see information at the end of the article.

This report describes a cluster of 11 soldiers with vivax malaria among U.S.
military personnel who trained at Dagmar North training area, near the
demilitarized zone (DMZ), in the Republic of Korea (ROK) in 2015. Two
cases were diagnosed in the ROK in 2015, one of whom subsequently expe-
rienced a relapse, and nine other cases were diagnosed in 2016, 8-11 months
after the soldiers had returned to the U.S. Vivax malaria poses a health threat
to U.S. Forces Korea operating near the DMZ in the ROK. Continuing and
enhanced focus on force health protection measures in endemic zones is

warranted.

ivax malaria was a major health
threat to both Korean and United
Nations Forces during the Korean

War,'? with more than 15,000 and more
than 6,000 malaria cases reported among
Republic of Korea (ROK) and U.S. military
personnel, respectively.”” Due to latent liver
stages, an additional 12,000 or more U.S.
military personnel were diagnosed with
malaria after returning to the U.S. during
the first year of the war.®® With the devel-
opment of primaquine phosphate, which
eliminates liver stage hypnozoites, in 1952,
the numbers of returning service mem-
bers who developed malaria were greatly
reduced.’

With the establishment of the ROK
National Malaria Eradication Service in
1959' and greatly improved living condi-
tions and medical services, the number of
malaria cases rapidly declined. By 1979 the
World Health Organization declared the
ROK malaria free.”'"'> However, in 1993,
vivax malaria reemerged in the ROK";
the Korean Centers for Disease Control
reported a total of 32,576 autochthonous
vivax malaria cases among ROK civilian,
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veteran, and military populations from
1993-2015, with as many as 4,000 cases
in a single year (2000). The ecology in and
around the demilitarized zone (DMZ) is
particularly prone to Plasmodium vivax
transmission because of fishermen from
malarial regions fishing along the Imjin
river (which also borders the Dagmar
North training area) during evening hours,
an abundance of larval habitat in low-lying
flooded areas and rice paddies, potential
continued cross-border introduction of
malaria by anopheline mosquitoes, and a
high proportion of primary vivax malaria
vectors belonging to the Anopheles Hyrca-
nus Group that has resulted in hundreds of
cases of vivax malaria annually since 1996.
Thus, malaria poses a significant health
threat to ROK/U.S. military and civilian
personnel residing and operating near the
DMZ'13-15

This paper summarizes a cluster of
vivax malaria infections acquired dur-
ing August 2015 among U.S. soldiers who
trained at Dagmar North training area
(DNTA) near the DMZ separating South
and North Korea.

WHAT ARE THE NEW FINDINGS?

A small outbreak of 11 cases of malaria
occurred in 2015-2016 from exposures in
Korea localized to the demilitarized zone
(DMZ). Nine (82%) of the cases developed
their frst symptoms of infection 9 or more
months after exposure and after their depar-
ture from Korea.

WHAT IS THE IMPACT ON

READINESS AND FORCE HEALTH
PROTECTION?

Although rates have declined in recent years,
vivax malaria poses a focal health threat

to ROK/U.S. military personnel operating
near the demilitarized zone (DMZ). Lack

of command-directed adherence to force
health protection measures for malaria in the
absence of routine chemoprophylaxis can
result in clusters of malaria infection which
can adversely impact military readiness.

METHODS

Population and setting

Members of an Armored Brigade
Combat Team (ABCT) stationed in the
U.S. arrived at Osan Air Base, ROK, dur-
ing 5-12 June 2015 and went directly to
Joint Camps Casey/Hovey. Camps Casey/
Hovey are collocated and are bordered
by the city of Dongducheon in northeast-
ern Gyeonggi Province (Figure). Soldiers
resided and conducted training at Camps
Casey/Hovey training sites, except when
selected units proceeded to Rodriguez
Combined Arms Collective Training Facil-
ity (CACTF) near Pocheon in northeastern
Gyeonggi province where they conducted a
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FIGURE. Map showing Camps Casey/Hovey and the DNTA in northeastern Gyeonggi Province,
ROK, near the demilitarized zone where the Plasmodium vivax infections occurred
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major field exercise on 15 July-16 August
2015. Selected units then moved to DNTA
on 17 August where they conducted live
fire training during the daytime at Story
CACTF and returned to DNTA where they
conducted nighttime exercises and biv-
ouacked before returning to Camps Casey/
Hovey on 22 August. After 22 August 2015
and until the ABCT units departed during
2-17 February 2016 for their home base in
the U.S., the soldiers resided and trained
only at Camps Casey/Hovey.

Vivax malaria diagnosis

Blood was drawn from patients sus-
pected of having malaria when reporting
to a hospital or clinic with febrile illness.
Patients were tested for Plasmodium sp.
infections using BinaxNOW® (Alere Scar-
borough Inc., Scarborough, ME) malaria
test, examination of blood films for the
presence of malaria parasites, and/or by
polymerase chain reaction (PCR). The
BinaxNOW malaria test distinguishes
among P. falciparum, non-falciparum Plas-
modium species (P. vivax, P. ovale, and P.
malariae), and mixed infections. Based
on the manufacturer’s documentation,
the assay has a sensitivity of 93.5% and a
specificity of 99.8% for P. vivax. All mili-
tary patients diagnosed with vivax malaria

November 2018 Vol. 25 No.11 MSMR

were reported through the Department of
Defense Disease Reportable Systems inter-
net (DRSi).

Epidemiologic investigations

The Public Health Nurse (PHN), Force
Health Protection & Preventive Medicine
(FHP&PM), 65th Medical Brigade, ROK,
was notified through DRSi of malaria cases
among U.S. service members. The PHN
contacted the PHN at the reporting installa-
tion outside of Korea to determine whether
the malaria infections were attributed to
exposure in the ROK or other malaria
endemic countries. Malaria patients sus-
pected of acquiring malaria in the ROK
were contacted, and epidemiologic investi-
gations were conducted by FHP&PM and
the reporting installation. Epidemiologic
investigations involved gathering informa-
tion related to each patient’s training activi-
ties, exposures (including training dates,
field training conditions, mosquito bite
prevention measures, and estimates of the
relative numbers of mosquitoes observed
and bites received), symptoms, date of
symptom onset, and medical care received
(treatment type, days and number of medi-
cal visits from onset of symptoms to diag-
nosis, and method of diagnosis). These
data were collected from interviews with

patients and from a review of their medical
records. During interviews a standardized
set of questions was asked of all patients
whenever possible. Written epidemiologic
reports were submitted to the Command-
ers, 65th Medical Brigade and Brian All-
good Army Community Hospital, ROK;
the Surgeons of the U.S. Forces Korea, the
Eighth Army, and the 2nd Infantry Divi-
sion; the Chief, FHP&PM; and others as
appropriate.

RESULTS

A total of 11 soldiers with malaria
were reported among U.S. soldiers assigned
to the ABCT who deployed to the ROK
from 5-12 June 2015 through 2-17 Febru-
ary 2016 (Table 1). Two patients were diag-
nosed with vivax malaria in Korea during
2015, demonstrating symptoms 1-14 and
9-14 days following the training exercise
at DNTA, and nine different patients with
presumptive exposure at DNTA demon-
strated symptoms 8-11 months later (2
May-22 July 2016), after they had returned
to the US. (Table 2). Patients were diag-
nosed with malaria using the BinaxNOW®
malaria kit (three cases), BinaxNOW® +
blood film (four cases), BinaxNOW® +
blood film+PCR (one case), or blood film
only (three cases) (Table 2). Based on epi-
demiologic reports, transmission was
most likely due to exposure at DNTA dur-
ing 17-22 August, because the soldiers
with malaria reported few or no mosquito
bites at Camps Casey/Hovey or Rodriguez
CACTF but reported numerous bites at
DNTA. In addition, there were no cases of
malaria among soldiers belonging to the
ABCT rotational unit who had not trained
at DNTA during 17-22 August.

With few exceptions, the malaria
patients had documented fever (up to
104°F) and reported chills, sweats, head-
ache, body aches, and malaise. Some
patients also reported having nausea,
vomiting, and diarrhea. The two patients
diagnosed in the ROK in 2015 were ini-
tially treated with hydroxychloroquine
(Patient #7-2015) or atovaquone/progua-
nil (Malarone®; #8-2015). Both patients
also received primaquine phosphate;
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TABLE 1. Vivax malaria patient exposure, military occupational specialty (MOS) codes,
use of preventive medicine measures, and perception of mosquito abundance and bites

Patient no. MOS" Sleeping® Es;r::jttrri]ri]f-orms“ reseklllr;r:t M;rsg:;t:t?s Mgistc;l;ito
usage
7-2015/6-2016R*  91L Tent ACU-Unknown Yes 4 2
8-2015 19K Tracked Vehicle Nomexe-Unknown No 5 5
1-2016 19K Tracked Vehicle Nomex-Unknown Yes 5) 5
2-2016 19K Tracked Vehicle Nomex-Unknown Yes 5 5
3-2016 19K Tracked Vehicle Nomex-Unknown Yes 5 5
4-2016 19K Tracked Vehicle Nomex-Unknown Yes 5 3
7-2016 19B Tent ACU-Unknown No 3 2
8-2016 19K Tent ACU-Yes No 5 5
9-2016 91E Tent ACU-Yes Yes 4 3
12-2016 19K Tracked Vehicle Nomex-Yes Yes 5 5
14-2016 19K Tracked Vehicle ACU-No No 5 3

aPatient #7-2015 was treated with only 26.3 mg primaquine and relapsed with malaria the following year.
"MOS codes: 91L = Construction Equipment Repairer; 91E = Allied Trade Specialist; 19K = Armor Crewman; 198

= M1 Armor OFcer

°Patients slept in all climate uniforms (ACUs) and Nomex. (Fame-resistant meta-aramid material) uniforms on/

in tracked vehicles, or permethrin-treated uniforms in multiple man ill-kempt screened tents (openings in the
screens and screens unsecured that allowed mosquitoes to enter), or two-man screened tents. Patients reported
being bitten while in tents and in/on tracked vehicles during the evening hours.

4Only two patients were aware that they had permethrin-treated ACUs. However, the ACU of one patient was >1
year old and outside the lifetime of usage and unknown repellent efect.

ePatients were not issued insect repellents, but some (64%) reporting using personally purchased repellents of

various, often unknown active repellents.

Patients trained at Dagmar North Training Area during 17-22 August 2015. On a scale of 0 (none) to 5 (too many
to count), for presence of mosquitoes, most patients (73%) noted "5" (too many mosquitoes present to count),
and, for the number of mosquitoes bites, the majority (55%) reported "5" (too many bites to count).

however, one was given only 26.3 mg per
day for 14 days and subsequently experi-
enced a relapse 9 months later after return-
ing to the U.S. The other patient (#8-2015)
received 52.6 mg primaquine phosphate
daily for 14 days (Table 3). All patients diag-
nosed with malaria after returning to the
U.S., including the one relapse case, were
treated with chloroquine phosphate (n=9)
or chloroquine+Lariam® (n=1) for blood
stage parasites (Table 3), followed by prima-
quine phosphate (52.6 mg per day for 14
days) for latent liver stage parasites. Some
soldiers reported being initially diagnosed
with an influenza-like illness and receiving
symptomatic treatment for headache and
fever. From the time of onset of symptoms
to diagnosis, the malaria patients reported
being seen in clinic one to four times over
3-31 days (Tables 2, 3).

None of the malaria patients remem-
bered receiving a medical threat brief
prior to their departure to the ROK,
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during in-processing, or prior to conduct-
ing field training at Rodriguez CACTF and
DNTA, and none had been forewarned of
the presence of large numbers of mosqui-
toes at DNTA or that malaria was endemic
near the DMZ. Soldiers were not placed
on malaria chemoprophylaxis, because it
was not routinely recommended for sol-
diers in the ROK due to low numbers of
malaria cases in previous years and very
low mortality (no deaths from 1993 to
present). Pop-up permethrin-treated bed
nets were not available for military units
training in field environments. While at
Camps Casey/Hovey, patients stated that
they saw few mosquitoes present dur-
ing the evening hours, and none reported
being bitten by mosquitoes. From 15 July
through 17 August 2016, selected units of
the ABCT trained at Rodriguez CACTE
There they slept in air-conditioned bar-
racks during the evening hours and saw

few mosquitoes during the evening hours;
none reported being bitten by mosquitoes.
Several units then moved from Rodriguez
CACTF to DNTA on 17 August where they
bivouacked and conducted nighttime exer-
cises until 22 August when they returned
to Camps Casey/Hovey (Table 1). All except
one of the malaria patients trained at Rodri-
guez CACTF before moving to DNTA.

The units that trained at DNTA con-
sisted mainly of tracked vehicle (e.g.,
Abrams tank) operators and crew members
who wore Nomex® (fire retardant) uni-
forms, while mechanics wore coveralls and
command staff wore all climate uniforms
(ACU). Most of the patients were unaware
if their uniforms had been factory-treated
with permethrin. Tank operators and crew-
men slept in or on their tracked vehicles
during the evening hours in sleeping bags
in Nomex® uniforms or ACUs to protect
themselves from biting mosquitoes, while
others (mechanics and administrative and
command groups) slept in physical train-
ing uniforms in screened tents (Table 1).
Vivax malaria patients who slept in or on
their vehicles were unprotected from bit-
ing mosquitoes and reported numerous
mosquitoes biting during the evening.
On a scale of 0 (none) to 5 (too many to
count) for presence of mosquitoes, most
patients (73%) noted “5” (too many mos-
quitoes present to count), and, for the num-
ber of mosquitoes bites, the majority (55%)
reported “5” (too many bites to count)
(Table 1). Two patients slept in a two-man
screened tent and reported keeping the
screen tightly closed to keep mosquitoes
from entering the tent, while two others
slept in a large ill-kempt general purpose
tent where the screened entrance was left
unsecure and they reported the presence of
numerous mosquitoes and having been fre-
quently bitten while inside the tent.

Soldiers were not issued arthropod
repellents to protect themselves from mos-
quitoes and other biting arthropods while
training. However, seven of 11 patients
(64%) reported that they brought personal
repellents, mostly consisting of spray-on
DEET formulations or unknown creams
and liquids (Table 1).

After the departure of the ABCT from
Korea to the U.S. during 2-17 February
2016 and until the time that the malaria
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TABLE 2. Vivax malaria patient characteristics, dates of training, time from exposure to the onset of symptoms, medical clinics, number
of visits, method of diagnosis, and number of days from the onset of symptoms to diagnosis

. Date of Total
Patient Race/ - Exposure to . . - . . . Date of Days to
- Training date symptom Final hospital/ clinic® medical Diagnosis® . . ; .
no. ethnicity symptom onset - diagnosis  diagnosis
onset VISItS
72015  White 7-20Aug 2015 21-Aug-15 1-14 days igr':':‘rys ARSI 4  blood fim+ 31-Aug-15 10
82015 "29TC 17 5o Aug 2015 31-Aug-15 9-14 days Brian Allgood ACH p Agrandblood o o015 9
Islander flm+
1-2016  White 17-22 Aug 2015 2-May-16 8mo, 11-16days Darnall AMC 3 g?nia”d blood 15 May-16 14
2-2016  White 17-22Aug 2015 14-May-16 8 mo, 23-28 days  Darnall AMC o Agr blood 20-May-16 6
2 Y ’ 4 fim+, PCR+ g
32016  White 17-22Aug 2015 6-May-16 8mo, 15-20 days  _ 2don-Hepburn Medi- 19-May-16 13
cal Center (civilian)

4-2016 White 17-22 Aug 2015 15-May-16 8 mo, 24—29 days  Darnall AMC 3 Ag+ 15-Jun-16 31
6-2016-R White 7-20Aug 2015 16-Jun-16 9 mo, 25-30 days  Darnall AMC 2 blood fim+ 21-Jun-16

7-2016  Hispanic 17-22 Aug 2015 17-Jun-16 9 mo, 26-31 days Darnall AMC 2 blood fim+ 24-Jun-16

82016  White 17-22 Aug2015 9-Jun-16 9mo, 18-23days Darnall AMC 2 Q?nia”d bloed 45 Jun-16 6
9-2016  White 17-22 Aug 2015 15-Jun-16 9 mo, 23-29 days ii/’l‘“easg)s A 1 blood fim+ 25-Jun-16 10
122016 Black 17-22 Aug 2015 21-Jul-16 9mo, 31-36 days  Martin ACH 2 fc\lgr‘;a”d blood 4 jul-16 3
14-2016 White 17-22Aug 2015 22-Jul-16 10 mo, 31-36 days Martin ACH 2 ﬁ?n:a”d blood o5 5116 3

aSoldiers were treated often frst at Aid Stations by medics, diagnosed with fu-like symptoms, and provided medications for headache and temperature as they often reported
to sick call following a paroxysm when temperatures were near normal. Two patients were treated at civilian hospitals (leave). Most soldiers were administered chloroguine

1,000 mg at 0 hr (initial dose), followed by 500 mg at 6, 24, and 48 hr. Patients were given 52.6 mg primaquine phosphate x 14 days concurrently or after chloroquine therapy
as an outpatient. Patient #7-2015, admitted to a Korean hospital, was given hydroxychloroquine (800 mg at 0 hr, followed by 400 mg at 6 and 12 hr later) and only given 26.3

mg primaquine phosphate x 14 days.

bFinal diagnosis was at Army Medical Centers (AMC), Army Community Hospitals (ACH) in the U.S., the Brian Allgood Army Community Hospital in ROK, local ROK civilian
hospitals (Saint Mary's Hospital), or U.S. civilian hospitals (Claxton-Hepburn Medical Center, NY, and Genesys Hospital, MI).
“The malaria Ag kit was not specifc for Plasmodium vivax but was diferential for non-falciparum malaria.

patients demonstrated symptoms, none
reported any recent travel outside the U.S.
Although several patients stated that they
heard rumors that several members of their
units had contracted malaria due to expo-
sure in the ROK, the patients stated that the
command did not inform them that mem-
bers in their units were diagnosed with
malaria, nor were they informed about the
symptoms of vivax malaria.

EDITORIAL COMMENT

Because of the low numbers of malaria
cases in previous years (10 cases or fewer
annually between 2008 and 2014; less
than 0.2 per 1,000 population at-risk) and
the extremely low mortality rate,'*'¢ U.S.
military personnel in the ROK, with the
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exception of Marines, are not routinely
placed on malaria chemoprophylaxis. Ree
reported that during 1998, none of the
“properly administered” ROK soldiers
training near the DMZ developed malaria,
whereas 11% of inadequately monitored
ROK soldiers on chemoprophylaxis devel-
oped malaria and 89% of untreated sol-
diers developed malaria.'” U.S. soldiers in
the ROK are recommended to use appro-
priate wear (e.g., permethrin-treated uni-
forms with the sleeves rolled down, pants
tucked into the boots) and effective arthro-
pod repellents (e.g., DEET >20% or picar-
idin). Factory permethrin-treated ACUs
replaced the non-permethrin ACUs for sale
in military clothing sales stores in October
2012 and factory permethrin-treated ACUs
replaced non-permethrin-treated ACUs
as an Army clothing bag item in Febru-
ary 2013. Previous to the implementation

of factory treatment, U.S. soldiers treated
their uniforms with permethrin using 6 oz.
spray cans or individual dynamic absorp-
tion (IDA) kits. Although U.S. soldiers are
currently issued permethrin-treated uni-
forms, uniforms purchased before the era
of factory permethrin-treated uniforms
were often treated by other methods. In
addition, most soldiers were unaware
whether or not they were wearing per-
methrin-treated uniforms, and that fac-
tory permethrin-treated uniforms are not
authorized to be retreated by other meth-
ods. In addition, several soldiers who uti-
lized factory permethrin-treated uniforms
during the field exercise noted that the uni-
forms were beyond the lifetime of repellent
effectiveness. The consequences of wear-
ing “outdated” permethrin-treated uni-
forms are unclear, but their use may result
in diminished protection from insect bites.
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TABLE 3. Medical history, including treatment and symptoms, of patients diagnosed with vivax malaria attributed to exposure at Dagmar
North Training Area during 17—-22 August 2015

. Symptoms
. Medication,
Patientno. ab : Intense . . :
blood stage* Chills Fevert ——— Headache Nausea Vomiting Diarrhea  Body aches  Malaise
7-2015 Hydroxy-_ Yes N/D Yes Yes Yes Yes N/D Yes Yes
chloroquine
8-2015 Malarone® Yes >103°F Yes Yes No Yes Yes Yes
1-2016 Chloroquine Yes >103°F Yes Yes N/D N/D Yes Yes Yes
2-2016 Chloroquine N/D 102.4°F N/D N/D N/D N/D N/D N/D N/D
3-2016 Chloroquine Yes >102°F Yes Yes N/D N/D N/D Yes Yes
4-2016 Chloroquine Yes >102°F Yes Yes Yes Yes Yes Yes Yes
6-2016-R  Chloroquine Yes 103.4°F Yes Yes Yes Yes N/D Yes Yes
7-2016 Chloroquine Yes 104°F Yes N/D N/D N/D N/D Yes Yes
8-2016 Chloroquine Yes >103°F Yes Yes N/D N/D N/D Yes Yes
9-2016 Chloroquine Yes >100.8°F Yes Yes Yes Yes Yes Yes Yes
Chloroquine +
12-2016 . Yes 103.1°F Yes Yes N/D N/D N/D Yes Yes
Lariame
14-2016 Chloroquine Yes 104.9°F Yes Yes Yes Yes Yes Yes Yes

N/D, not determined/data not available

aAll patients were administered chloroquine for blood stage parasites, except patient no. 7-2015 who was given hydroxychloroquine (treated at Korean hospital), patient

no. 8-2015 who was given Malarone®, and patient no. 12-2016, who was initially given chloroquine and then the medication was changed to mefoquine (Lariam®, Roache

Laboratories Inc., Nutley, NJ ).

PAll patients given 52.6 mg primaquine phosphate x 14 days, except patient no. 7-2015, who was given 26.3 mg primaquine phosphate x 14 days.
“Temperatures were taken at various times during or after the paroxysm.

Distribution of insect repellents is a
unit supply function and should be based
on recommendations to the Commander
by the field sanitation team (FST), and
repellents must be procured prior to train-
ing exercises through the Defense Logistics
Agency or purchased locally. The unit that
trained at DNTA did not procure repel-
lents for their soldiers to reduce mosquito
bites and protect them from vector-borne
diseases. Some soldiers reported purchas-
ing repellents locally, but their ingredients
and efficacy were unknown. Soldiers with
and without repellents reported receiv-
ing numerous bites, and some reported to
sick call with “numerous red bumps,” sug-
gesting a lack of protection. Additionally,
insecticide application to the exterior and
interior of tents should be considered as it
may reduce biting populations inside tents
while soldiers are resting or sleeping.

From 2008 through 2013, the num-
ber of malaria cases decreased sharply
among U.S. Forces Korea, in part due to
the replacement of ill-kempt tents at War-
rior Base with air conditioned barracks.
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However, at DNTA, a combination of fac-
tors may have led to increased numbers
of malaria cases among U.S. personnel in
2014-2015," including local transmission
among ROK soldiers and civilians, an abun-
dance of larval habitat, low-lying flooded
areas and rice paddies that border DNTA,
and potential for continued introduction
of malaria by anopheline mosquitoes from
North Korea.'” Thus, a combination of fac-
tors that included Plasmodium-infected
mosquitoes and concurrent training activi-
ties that exposed soldiers to biting mosqui-
toes (e.g., non-use of repellents, non-use
of permethrin impregnated uniforms and
mosquito nets, and sleeping unprotected
in/on vehicles or ill-kempt tents) increased
the potential for malaria transmission.

In healthy nonimmune young adults,
P. vivax infections in the R